the assumption that greater rates of admission to an ICU may reduce morbidity and mortality in the surgical patient population is reasonable, but unproven. [8] [9] [10] Care in ICUs is substantially more expensive than that on general hospital wards and represents a limited resource. 11, 12 Determining whether high-quality postoperative care should include routine use of intensive care has large ramifications for perioperative quality improvement initiatives and the potential costs of care. We sought first to assess the variation in use of intensive care after a range of major surgical procedures to determine whether there is agreement across hospitals regarding the need for intensive care services. Second, we sought to determine whether use of intensive care services at the hospital level is associated with hospital mortality, length of hospital stay, or Medicare payments for patients undergoing major surgery.
Materials and Methods
This research involved secondary analyses of deidentified data and was deemed not human subjects research by the Columbia University Medical Center Institutional Review Board, New York, New York.
We performed a retrospective study using 5 yr of the MedPAR file from the Centers for Medicare and Medicaid Services. This data set contains data on all Medicare hospitalizations from 2004 to 2008, which we linked with data from the American Hospital Association annual survey from 2007. 13 
Patients and Variables
Medicare provides health insurance for Americans aged 65 yr and older who have worked and paid into the system. It also provides health insurance to selected younger people with disabilities, end-stage renal disease, and amyotrophic lateral sclerosis. We included all patients 65 yr or older undergoing five select surgical procedures during a hospitalization and excluded Medicare beneficiaries under age 65 yr because they represent a highly selected group of individuals with specific diagnoses, as previously described. 13 The procedures were elective endovascular repair of abdominal aortic aneurysm (AAA), cystectomy, pancreaticoduodenectomy, esophagectomy, and elective open repair of an AAA (open AAA). We chose these surgical procedures from a larger list of possible procedures after initial inspection of the data because they are (1) commonly performed in patients over the age of 65 yr, (2) well circumscribed and usually not associated with another surgery, and (3) associated with a range of different hospital mortality rates (see Supplemental Digital Content 1, http://links.lww.com/ALN/B245, table 1, listing individual International Classification of Diseases, Ninth Revision, Clinical Modification and procedure codes used).
We defined ICU admission using critical care-specific resource utilization codes, including intensive care and/ or coronary care. We could not confirm whether intensive care admission definitely occurred after a surgical procedure, rather than before. Therefore, we refer to patients as having received intensive care during the hospitalization. We also could not assess whether an ICU admission was planned or occurred on an emergent basis as a "rescue" therapy.
Statistics
We excluded patients cared for in any hospital that performed the procedure in Medicare beneficiaries less than 20 times over 5 yr or did not have information on the availability of ICU beds or number of hospital beds (Supplemental Digital Content 1, http://links.lww.com/ALN/B245, fig. 1 ). Of note, the exclusions were performed separately for each surgical procedure so that a hospital could be included in the analysis of some or all surgical procedures.
Hospital and Patient Characteristics
We summarized hospital and patient characteristics and outcomes for each surgical procedure by using percentages, means with standard deviation (±SD), and medians with interquartile ranges, as appropriate. We then summarized the frequency of admission to an ICU for each surgical procedure overall and by individual hospital. These data have been published previously. 13 For each surgical procedure, we categorized hospitals as admitting patients to the ICU 0 to 49% of the time (low use), 50 to 89% (moderate use), or 90% or greater (high use). We chose not to use percentiles, as we wished to ensure clinically meaningful differences in use of intensive care between groups, and the cutoffs for percentiles would have shifted depending on the surgical procedure. We next summarized patient characteristics for patients who received each surgical procedure, stratified by hospital ICU use.
Outcomes
Outcomes included hospital mortality, hospital length of stay, and total Medicare payments, as defined by the total hospital charges covered by Medicare, with all payments reported in 2008 dollars using an inflation correction. 14 Our first objective was to describe the degree of variation in use of intensive care services for different surgical procedures. Our second objective was to assess the hospital-level outcomes for patients cared for in high-versus low-use hospitals. We assessed unadjusted differences using chi-square test, t test, and Spearman rank correlation, as appropriate. For adjusted analyses, we adjusted for patient-and hospital-level characteristics using multilevel modeling, with clustering by hospital. We assessed the association with hospital length of stay and Medicare payments using multilevel linear regression. Data on length of stay variables were log transformed due to their skewed nature. Costs were assessed using means. 15 We report results as either odds ratios or regression coefficients. Because of unexpected findings regarding Medicare payments, we post hoc examined the mean Medicare payments for patients in high versus low ICU-use hospitals stratified by whether or not patients went to the ICU. We assessed differences between groups with the use of ANOVA.
Our secondary analysis included assessment of outcomes for individual patients using multilevel modeling, clustering on hospital, and propensity-based matched analyses to determine whether we found the same associations between use of intensive care and outcomes. All available patient-and hospital-level independent variables were included in each final multivariate model and the model to create propensity scores. Propensity matching was performed to match patients who did or did not receive intensive care based on their likelihood (propensity) to receive intensive care. After randomly ordering patients, we used the "psmatch2" algorithm in Stata 11.1 (StataCorp LP, USA) with one-to-one nearest-neighbor matching without replacement and with maximal caliper distance of 25% of the SD of all propensity scores. 16 In addition, exact matching was used for each covariate for which the propensity score did not achieve appropriate balance; cystectomy: 3,962 pairs with imbalance in sex, comorbidity index, weekend admission, and hospital procedure volume; pancreaticoduodenectomy: 1,103 pairs with imbalance in age and race; esophagectomy: 1,742 pairs with imbalance in weekend admission and age; and open AAA: 3,673 pairs with imbalance in sex, comorbidity index, weekend admission, age, and race. We assessed differences in hospital mortality between propensity-matched patients using logistic regression.
We conducted analyses in Excel (Microsoft, USA), Stata 11.1 (StataCorp LP), and SAS 9.1.3 (SAS Institute, USA).
Results

Cohort Characteristics
After exclusions (see Supplemental Digital Content 1, http:// links.lww.com/ALN/B245, fig. 1 , flowchart of exclusions), the number of patients receiving each surgical procedure varied from 7,878 patients in 162 hospitals for esophagectomy up to 69,989 patients in 866 hospitals for endovascular AAA (tables 1 and 2). The majority of hospitals performing these surgical procedures were categorized as teaching hospitals (table 1) . Most were hospitals with over 400 beds, and most hospitals had more than 7.5% of their beds designated as ICU beds ( (table 2) . There were a substantial number of hospitals in the low-use (0 to 49%), medium-use (50 to 89%), and high-use (90% or greater) categories for each surgical procedure ( fig. 1 ). We examined characteristics for patients who underwent each surgical procedure, stratified by their care in a hospital with low, medium, or high use of intensive care for the specific surgical procedure. There were a few differences in the distributions of age, or race for patients cared for in hospitals with high versus low use of intensive care (see Supplemental Digital Content 1, http://links.lww.com/ALN/B245, tables 3-7 showing patient characteristics for each procedure, stratified by hospital ICU use). Of particular note, the number of patients with 2+ Charlson comorbidity index was not substantially higher in the high-use hospitals compared with the low-use hospitals for any of the surgical procedures: 52.5 versus 51.0% for endovascular AAA; 17.0 versus 18.1% for cystectomy; 22.2 versus 22.2% for pancreaticoduodenectomy; 14.9 versus 16.0% for esophagectomy; and 51.4 versus 49.3% for open AAA.
Hospital Mortality
Individual patient admission to intensive care was associated with a substantially increased risk of hospital death, as assessed by both multilevel multivariable logistic regression and propensity matching of patients for the likelihood of admission to ICU (table 3) . We then assessed the outcomes for patients based on their care in a hospital with high, medium, or low use of intensive care for the specific surgical procedure. In unadjusted analysis, there was no association between mortality for patients cared for in hospitals belonging to a high versus low ICU admission group for endovascular AAA (1.1 vs. 1.0%, P = 0.54), cystectomy (2.8 vs.
2.3%, P = 0.31), pancreaticoduodenectomy (3.7 vs. 3.3%, P = 0.36), or open AAA (4.6 vs. 4.3%, P = 0.51), but there was a significantly increased hospital mortality for patients undergoing esophagectomies in hospitals with high ICU use versus low use (7.5 vs. 5.4%, P = 0.007) (table 4). After multivariable adjustment, there was no association for any surgical 
Discussion
These data demonstrate a substantial variation across U.S. hospitals in the use of intensive care services for elderly patients receiving major surgery. There was no association between greater use of intensive care at the hospital level and hospital mortality, a finding that was robust when examined across five different surgical procedures that were performed with varying frequency and with variable overall risk of hospital death. There were also no consistent differences in length of hospital stay or Medicare payments associated with systematically more or less use of intensive care. The lack of difference in payments was explained by higher payments for the fewer patients who did receive intensive care in lowusing hospitals compared with ICU patients in the high-use hospitals.
A substantial number of hospitals admitted more than 90% of patients to the ICU, even for a surgical procedure (endovascular AAA) with an overall hospital mortality of 1%. This finding of variable, and sometimes aggressive admission of patients to ICU with relatively low predicted risk of death, is similar to the recent observation regarding variation in use of intensive care for medical patients. Wide variability was found for ICU admission for patients with diabetic ketoacidosis-a diagnosis with a risk of hospital death of just 0.7%. 17 Similarly, a study from the Veterans Affairs hospitals also found very large variations in admission of "low-risk" medical patients to the ICU from the emergency room, with anywhere from 1.2 to 38.9% of patients with a predicted risk of death of less than 2% receiving intensive care. 18 There are many possible reasons for a lack of association between use of intensive care services and hospital mortality for patients undergoing major surgery. First, greater use of intensive care may actively reduce mortality in higher-risk patients. This would be the case if there was a greater severity of illness in patients cared for in the higher ICU-using hospitals. However, we found no substantial difference in age or comorbidity profile of the patients in higher-use hospitals. Moreover, our analysis investigating outcomes based on ICU use on the hospital rather than on individual patient level removes some of this patient-level confounding. But, it remains possible that the hospitals that use more intensive care may have a higher "rescue" rate for high-risk patients, and the hospitals with lower use of intensive care are experiencing a greater frequency of "failure to rescue"-the concept of taking inappropriate care of patients who develop complications, leading to death. 19 Because our data did not include dates of ICU admission, we could not investigate whether ICU use was used more or less often to rescue patients in certain hospitals in our cohort. Other possibilities are that the benefits of intensive care, which include support for specific organ failure, and high nurse-to-patient ratios may not be realized until the risk of death for patients is well above 1 to 6% seen for patients undergoing these major surgical procedures. Alternatively, it may be that the most important components of high-quality postoperative care that are gained in an ICU, such as high nurse-to-patient ratios, 20,21 may be adequately delivered in other settings such as a postoperative recovery room or step-down unit.
Studies of surgical outcomes in the United Kingdom and across Europe found higher than expected mortality and low overall use of intensive care for patients who died. 1, 10 Such findings raised the question of whether more aggressive use of intensive care for surgical patients might reduce some of the observed excess mortality rate. Our findings suggest that greater systematic use of intensive care for all patients undergoing a given surgery alone may not improve survival outcome for older surgical patients. However, these data must be placed in the context of overall high availability of 22 Although the most appropriate use of intensive care services may not involve default admission of all patients undergoing major surgical procedures, the ability to admit patients identified as requiring organ support in a timely manner remains important. Recent data on medical patients in France suggest that delayed admission to ICU of patients deemed in need of intensive care was associated with worse outcomes. 5 Therefore, our generalizability to countries, and systems of care, that may be on the lower end of overall availability of intensive care remains limited, and the "benefits" of more frequent use of intensive care services postoperatively remains unexplored in lower-resource settings. 4 We expected greater use of intensive care services to be associated with both longer hospital length of stay and higher costs, as has been seen for patients undergoing carotid endarterectomies. 23, 24 Our hypothesis was confirmed for patients undergoing endovascular AAA but was not consistently seen for any other surgical procedure examined. Our findings are consistent with a similar assessment of patients with pneumonia that found no difference in costs with greater use of intensive care. 25 It is also notable that admission to an ICU did not seem to lengthen care time by increasing length of stay, which is also consistent with the data on ICU admission for patients with diabetic ketoacidosis. 17 The majority of the Medicare payment is driven by the diagnosis-related group of the patient, which itself is driven by the surgical procedure performed. It is possible that other costs, such as the physician billing in Medicare part B, would be different. We also found that, for hospitals that infrequently admitted patients to the ICU, the average costs for the patients who did require intensive care was very high, suggesting that there is an "averaging" effect that cancels out the potential benefit from providing more care on the wards.
Our study has a number of limitations. First, due to the use of Medicare data, we were limited to examination of patients over the age of 65 yr. It is possible that patterns of care for younger patients after surgery could differ. We were also unable to determine whether admission to ICU occurred before, immediately following, or days after the surgical procedure. However, many of the hospitals with 90% or greater use of intensive care admitted 100% of the patients, suggesting a routine or "default" use of intensive care for all patients undergoing the surgical procedure. The fact that we could not assess whether hospitals that used intensive care sparingly (less than 50% of the time) sent the patients immediately after the surgery or used the ICU as a "rescue" option for patients who developed complications is a substantial limitation and warrants further investigation using other data sources. 19 We also did not have detailed information on severity of illness, limiting the conclusions we can draw from the analysis. Finally, the analysis was also limited to the acute hospitalization and focused on hospital mortality. It is possible that potential benefits from one care model may be evident with longer follow-up. Our choice of which surgical procedures to include was partly driven by concern for power, as we were limited by the frequency of surgical procedures performed in the data set. We chose to group hospitals into categories of use of intensive care for three reasons: to provide meaningful cutoffs; to assess the greater than 90% group as a reference for "default" use of intensive care; and to maximize our power for a patient-level analysis. However, for the lower-volume procedures, the possibility of a type II error remains a concern. We recognize that there are many possible approaches to this analysis, including more general linear models and/or distance to hospitals as an instrumental variable. 25 Some patients, such as those undergoing coronary artery bypass grafting, are routinely admitted to an ICU after surgery, despite a relatively low risk of death in comparison with most of the surgical procedures we examined. These patients usually require elements of intensive care, such as mechanical ventilation and monitored rewarming, that necessitate admission to ICU. Such patients are also at high risk of events, such as arrhythmias and cardiac tamponade, that must be acted on very quickly to ensure favorable outcomes. 26 However, we can only speculate that the routine admission to ICU of these patients has helped to drive down mortality associated with these specific surgical procedures.
Pathways representing optimal postoperative care are complex and often different for each surgical procedure. As we seek to provide high-quality care for surgical patients, these data provide important information that care for patients undergoing major surgical procedures need not necessarily involve frequent use of intensive care services to achieve good outcomes. Such options may have important benefits for other patients who require critical care services in situations where ICU bed availability is limited. 27 Importantly, though, cost savings and reductions in length of stay may not run in parallel with a reduction in use of intensive care. Moreover, the care pathways that may need to be in place to ensure appropriate care if an ICU bed is not used remain to be elucidated. Further research is needed to determine the best options for individual patients, with the recognition that care requirements may differ dramatically for different high-risk surgical procedures. *P value is for comparison of three ICU admission categories (0-49%, 50-89%, and ≥ 90%) using one-way ANOVA. AAA = abdominal aortic aneurysm; ICU = intensive care unit.
